Abstract. To decrease the unfavorable effects of herbicides on human health and on the environment, new sustainable mulching methods have been developed. These methods aim to impede weed growth and also result in good yield and high fruit quality. The objective of the present study was to investigate the effects of the replacement of conventional methods (chemical treatments or mechanical) with different groundcover material systems (GCMSs) that use aluminum, bark and black polypropylene on 'Aroma' apple (Malus domestica) fruit maturity and quality, and fruit resistance to bruising and decay. The experiment was carried out from 1995 to 2001. Compared with conventional mulching methods, aluminum mulching was found to control annual weeds more effectively, to increase soil temperature, light refl ection, yield, and fruit weight, to decrease bruise occurrence, to intensify and saturate the red coloration of apples, and to increase fi rmness and acid and sugar contents, resistance to storage disorders and decay after storage and shelf life. The other two used GCMSs, bark and black polypropylene also infl uenced many yield and quality parameters. However, less positive infl uences on the different parameters were found for bark compared with aluminum, and the use of black propylene was not favorable compared with the conventional mulching methods. Generally, decreased starch content at early picking dates was found for apples grown with GCMSs, indicating an earlier ripening for these apples compared with apples grown with a conventional mulching system. In summary, aluminum mulching was found to be the best alternative mulching method for production of 'Aroma' apples.
Weeds around the base of the apple (Malus domestica) trees reduce growth; affect fruit quality by competing for moisture and nutrients, and harbor insects, diseases and rodents (Ericsson, 1987) . Therefore, weed control by conventional methods (mechanical cultivation or chemical herbicide) has long been recognized. Because of higher work costs of mechanical cultivation and risky effect of chemical herbicides on human health and ground water, there is a need to replace these two conventional weed control methods with more sustainable, safe, and economic methods, such as using of ground cover materials.
Investigations on the use of different groundcover management systems (GCMSs) as an alternative to conventional mulching (Andris et al., 1998; Darbellay, 1997; Mathieu and Aure, 2000; Mika et al., 1998; Oliveira and Merwin, 2001; Zhiqiang et al., 1999; Weibel, 1996) have shown different results. For example, using herbicides alone was less effective in controlling weeds than application of GCMSs (Rifai et al., 2002) while organic mulches could not totally prevent weed growth as effectively as herbicide sprays (Mika et al., 1998) .
Different mulching methods also have various effects on yield and fruit quality. Some studies confi rm that organic mulches increase the Sweden from June 1995 to December 2001, in a 6-year-old apple orchard, Malus domestica 'Aroma' on rootstock MM106. A randomized block design comprising four replications and four trees per replication (spacing was 2 m apart in the row and 4 m between rows, 1250 trees/ha).
Preharvest treatments. Five different mulching methods were tested on 'Aroma' trees. Two conventional methods, herbicide and mechanical mulching, were applied. For herbicide, a mixture of glyphosate [360 g·L -1 Roundup (N-physphomethylglycine); Monsanto, Belgium] and Dikvat [200 g·L -1 Reglone (1.1 ethylene-2.2 bipyridyldiyldibromid); Syngenta, Sweden) was sprayed to the soil twice a year (May and July). Herbicide dose was 3 L·ha Three groundcover material systems (GCMSs) were applied. Soil was covered with a black plastic sheet (black polypropylene (BP), 0.5 mm thickness and 3 m width, Lotico, Sweden), or with a layer (20 cm thick) of one year old chopped pine bark, or with a plastic sheet (aluminized plastic fi lm, 0.06 mm thickness, 3 m width, Lotico, Sweden). Aluminum, which used with white refl ective side up and gray side down to the ground, and BP, were changed every 2 years, while more bark was add every year. Treatments covered the soil as far as one meter of both sides of the tree.
Standard orchard management was applied. Weeds were visually assessed in each replication (n = 20) using a grading scale where 1 = very few weeds, 2 = few weeds, 3=visible weed growth, 4 = dense weeds, and 5=very dense weeds. Soil temperature and light refl ection were only measured during two seasons to establish GCMSs effects on these parameters. Soil temperature was measured by temperature logs (Tiny Talk; Intab, Sweden) at a depth of 20 to 25 cm in all replications (n = 20), and 25 cm from the tree trunk. Data was registered every fi fth minute, daily during 1995 and 1996 from August to January. Light refl ection was registered (June to September 1995 and monthly in cloudless days by a light meter (LI-188; LI-COR, Fredrikssund, Denmark) that was fi xed about 1 m above the ground and in the middle of the plantation row of each replication (n = 20). Stem diameter was measured 20 cm above the bud union in 1995 and 1999. Tree height and canopy spread (average of acrossrow and along-row measures) were recorded at the end of the experiment (2001) . Changes in trunk cross-sectional area (TCSA = ((stem diameter/2) 2 × Π) and differences between trees size were used to assess treatments effect on vegetative growth.
Harvesting and postharvest treatments. Three times a week, two fruit were picked from each tree (four trees per four replications per treatment, n = 160) and starch index was used yield compared with using herbicides (Darbellay, 1997; Wieniarska et al., 2000) , while one study shows that spraying with herbicide results in higher yield than organic mulches such as bark (Weibel, 1996) .
GCMSs decreased total soluble solid concentration in 'Gala' apple (Fausett and Rom, 2001) , increased it in 'Royal Delicious' apples (Bhutani et al., 1995) , and did not show, in another study, any signifi cant effect on fruit external or internal quality (Mage and Skogerbo, 1992) . Because of these rare and contradictory studies, effects of GCMSs on fruit quality and storability need more investigations.
Due to its good adaptation to the Swedish conditions, 'Aroma' is one of the major apple cultivar produced in Sweden. Problems such as relatively high bruise sensitivity, weak resistance to some pathogens and poor coloration at optimum harvesting period, can however affect the quality and the grower incomes (Dris et al., 1999; Meberg et al., 2000; Ystaas and Froynes, 1993) . Some of these problems may be solved through better-developed orchard management, such as fertigation, pruning and mulching.
The aim of this project was to study the effects of different mulching methods on yield, fruit maturity and quality, and fruit resistance to bruising and pathogen (mostly Peziculla spp.) in 'Aroma'.
Materials and Methods
Experimental design. as a criterion for determination of commercial harvesting date. Starch score was evaluated by dipping a slide of the fruit, cut at the equator, in an iodine solution, and using a grading scale where 1 = full staining, 2 = clear of stain in seed cavity, 3 = clear of stain in halfway to vascular area, 4 = core nearly free from staining, 5 = core free from staining, 6 = clear through the area including vascular bundles, 7 = half of fl esh clear, 8 = staining just under skin, and 9 = free of starch (no stain) (Ericsson, 1982) .
Fruit of each tree were picked at commercial harvest date (starch index 4 to 5), weighed and counted. A total of 100 fruit from each treatment were stored at 2 to 3 °C and 90% RH, for 4 months, and then 50% of these apples were kept at room temperature (70% RH) for another week after storage for studies of shelf life. Fruit quality was evaluated on fi ve fruit per tree (four replications per treatment and four trees each, n = 400), at harvest, and fi ve fruit per replication (four replications per treatment, n = 100) after storage and after shelf life. Fruit fi rmness was determined with a penetrometer (plunger diameter of 11.1 mm, model FT 327; Effi gi, Italy) on opposite sides of each fruit, soluble solid concentration (SSC) was measured by a refractrometer (Atago, Japan) and fruit acidity was analyzed by titration of fruit juice as Malic acid with 0.05 N NaOH to pH 8.1 (radiometer PHM64). Fruit coloration was measured through the hue angle using a colorimeter chromameter (model CR200; Minolta Camera Co, Ltd., Osaka, Japan) with a 8-mm-diameter window. Measurements were conducted on three spots per fruit, and expressed as hue angle (h°) (where 0° = redpurple, 90° = yellow, 180° = bluish-green, and 270° = blue) (McGuire, 1992) .
Fruit bruise susceptibility was assessed by dropping fruit (two fruit per tree, n = 160) from 30 cm on a wooden table, using fruit of similar weights (125 to 140 g) to avoid the effect of fruit weight on bruise occurrence. Fruit sensitivity was quantifi ed as bruise weight percentage (BWP) Tahir 1996a, 1996b) . The percentage of decayed fruit, caused by storage rots (Pezicula spp. and Penicillium expansum) was determined by visual examination after storage and shelf life. The type of pathogens was determined according to Rein (1996) .
Statistical analyses. The results were expressed as the mean ± standard deviation, and analyzed with Microsoft Excel. Data were analyzed also by analysis of variance (ANOVA). Five different mulching methods, seven seasons and the interaction between method and season were the factors for yield, fruit weight, pre-and poststorage fruit quality, and the incidence of storage disorders.
Results
Weed control. Aluminum and black polypropylene controlled annual weeds in a more effective way than other mulching methods (Fig. 1) . However, weeds were removed by hand from the holes cut in these two treatments. Bark mulching had a weaker effect on weed growth than mechanical cultivation. 
B A
Annual weeds had to be removed from the bark-covered area several times. Mechanical mulching showed better weed control than using bark or herbicides (Fig. 1) . Soil conditions and tree growth. Different mulching methods had various effects on soil conditions. Aluminum and BP signifi cantly raised soil temperature during the autumn (September and October), in comparison with herbicides or bark. These two groundcover materials also raised soil temperature during winter (P < 0.01), while no signifi cant differences were noted during summer and between the seasons (P < 0.05; Fig. 2A ). Moreover, aluminum highly increased light refl ection from the ground to the trees during summer and autumn in comparison with other treatments (P < 0.01; Fig. 2B ). After 4 years of GCMS application, aluminum, bark and BP increased TCSA by 71%, 64%, and 29% respectively in comparison with using herbicides, and by 44%, 37%, and 2% respectively in comparison with using mechanical mulching (Table 1 ). In the seventh and last year of the experiment, trees of these three GCMSs were 13%, 11%, and 10% higher and 10% to 15% wider spread than trees of mechanical cultivation. No signifi cant differences were noted between the effects of GCMS and using herbicide on tree size (P < 0.05; Table 1 ).
Yield and fruit weight. During six seasons (1996) (1997) (1998) (1999) (2000) (2001) , total yields were 26% to 35% higher (P < 0.01; Fig. 3A ) and fruit weight 18% higher (P < 0.01; Fig. 3B ) when using aluminum or bark soil cover materials than with mechanical or chemical weed control. Black polypropylene (BP) increased fruit weight, in 1995, 1999, and 2000 ( Fig. 3B ) but had no signifi cant effect on yield (Fig. 3A) . Signifi cant effects of mulching methods, year and interaction between method and year were found at P < 0.01.
Fruit quality. Application of GCMSs improved fruit resistance to bruising, while fruit from trees with mechanical cultivation were more sensitive than fruit from GCMSs or herbicides. Covering soil with aluminum or bark caused 15% to 20% lower bruise occurrence in comparison with using conventional mulching. BP slightly improved the fruit resistance and had visible effect during only 3 years (Table 2) . However, bruise susceptibility was signifi cant affected by mulching methods, year and their interactions at P < 0.01.
A comparison of the infl uences of mulching methods on fruit quality directly after harvest showed that covering soil with aluminum led to the signifi cantly highest fruit fi rmness (Table  3) , while mechanical cultivation or covering soil with BP gave high acid and sugar content (Table 3) . After storage and shelf life, mulching with aluminum or bark resulted in fi rmer fruit (P < 0.01) that had a more acid to sugar ratio (P < 0.05) in comparison with conventional mulching (Table 3) . No signifi cant effects of interaction between methods and seasons were noted (P > 0.05). However, fruit from trees in aluminum or bark mulching lost less of their fi rmness and acid and sugar content during storage and shelf life in comparison with fruit from other treatments (Table 3) .
At harvest, fruit from aluminum covered soil had better red color (lower h°) during the seven seasons while other two GCMSs improved fruit color only during 3 years (Table  4) . Compared with conventional mulching methods, fruit from trees with aluminum mulching had also best color after storage and shelf life.
Fruit from trees grown in covered soil showed higher starch score than fruit from 
trees grown with conventional mulching (Fig.  4) , indicating that GCMSs advanced fruit ripening by 5 d (Fig. 4) . Mulching methods and their interaction signifi cantly infl uenced the starch score, indicating fruit ripening (P < 0.05 to 0.01).
Fruit storability. More than 80% of fungal decay during storage was caused by Pezicula spp. (data not shown). Replacement of herbicides or mechanical cultivation with bark or aluminum cover increased 'Aroma' resistance to storage decay. Using aluminum signifi cantly decreased these losses by 75%, during six seasons in comparison with using herbicides and during fi ve seasons in comparison with using mechanical cultivation. Application of bark or BP signifi cantly decreased losses by 40% and 25%, respectively. These effects were shown during four seasons in comparison with using herbicides and only during two seasons in comparison with using mechanical cultivation (Table 5 ). Mulching methods, year, and their interaction signifi cantly affected fruit decay (P < 0.01).
Discussion
The use of some GCMSs such as aluminum and BP can improve soil cation exchange capacity and increase fruit mineral content, which might lead to an improvement of fruit quality (Lang et al., 2001) . GCMSs can also increase feeder roots (Lang et al., 2001 ) and photosynthetic activity of the tree (Mathieu and Aure, 2000) , thereby resulting in healthier trees, with more vegetative growth and wider trunk cross-sectional area. Trunk cross-sectional area can be used to estimate the bearing potential of apple trees (Westwood, 1993) . This is in accordance with the fi ndings in the present study, with especially aluminum mulches leading to improved vegetative growth of the apple trees. Higher production of marketable fruit might also be attributable to such better tree conditions (Lang et al., 2001 ).
Fruit quality is a complex character, determined by several characters, such as coloration, fi rmness, SSC and acidity. Each of these co-characters are determined by different factors and in various ways infl uenced by different GCMSs. For example, light regulates directly development of apple color through stimulation of anthocyanin accumulation and chlorophyll degradation in the fruit peel (Zhiqiang et al., 1999) . Several authors have suggested that covering orchard fl oors with refl ecting fi lms should lead to an increase in the fruit coloration (Andris et al., 1998; Mathieu and Aure, 2000; Zhiqiang et al., 1999) . In the present study, 'Aroma' fruit from trees grown in aluminum-covered soil had the best coloration compared with other GCMSs and conventional mulching methods. Thus, the increased fruit coloration, when using aluminum, might be due to an increase in light intensity by refl ectance, which in turn might lead to a stimulation of the anthocyanin synthesis. In addition, covering soils with foils has generally been found to improve soil conditions and mineral content of leaves (Lang et al., 2001; Oliviera and Merwin, 2001) .
Firmness and acid to sugar ratio changed in 'Aroma' apples during storage and shelf life. A considerable loss of fruit acid to sugar ratio could be avoided by using aluminum and bark mulching, which protected also from lower fruit fi rmness. 'Aroma' storability was thereby improved by the use of aluminum and bark mulching. One reason for the better quality of fruit after the use of GCMSs, and especially aluminum mulching, might be that the use of cover systems leads to a modifi cation of the soil temperature, an increase of the soil moisture and a lower soil pH during the growth period.
Compared with conventional mulching methods, the use of GCMSs advanced fruit ripening possibly due to a more active photosynthesis, and thereby higher respiration rate Table 2 . Relationship between application of groundcover material systems and bruise susceptibility of 'Aroma' apple. Means followed by different letters within the same column are signifi cantly different at LSD = 0.05 (differences between seasons, and interactions between seasons and methods were signifi cant at P = 0.01). Means followed by different letters within the same column are signifi cantly different at LSD = 0.05 (differences between mulching methods or between interaction between methods and seasons were signifi cant at P = 0.05).
x Values are means of four replications of fi ve fruit each, n = 100.
and metabolism (Mathieu and Aure, 2000) . In our investigation no negative effects on the storability after the use of GCMSs were found. However, the faster ripening of the fruit after the use of GCMSs makes the issue of picking fruit at the optimum date important. Picking the apples at the wrong time in relation to the short ripening period can decrease the storage potential of fruit and waste the positive effect of GCMSs on their storability. GCMSs caused healthier and cleaner fruit that may have resulted in less contamination with pathogens at harvest and more resistance to fungal decay during storage. Moreover, aluminum and bark were found to protect against bruising. No other reports have been dealing with relationships between bruising and GCMSs. As bruising is one of the major problems when cultivating 'Aroma' apples, and as the cultivar sensitivity increases directly with fruit size (Ericsson and Tahir 1996b) , our fi ndings that aluminum and bark mulches, similarly increase 'Aroma' apples weight, and protect against bruising during storage and shelf life, are of great importance. These fi ndings are similar to what has been reported in a previous study showing that higher fruit fi rmness, better red coloration and high calcium content improve 'Aroma' fruit storability and their resistance to bruising (Tahir, 1998) .
Interactions between mulching method and year were found for yield, fruit weight, bruise susceptibility, starch score and storage decay. Thus, a simple relationship between a certain mulching method and the mentioned quality parameters are not present, and are also infl uenced by seasonal weather variations.
The results in the present investigation thus show that the GCMSs, and especially aluminum and bark, infl uence the 'Aroma' apple towards better quality and also towards better yield compared with conventional mulching methods. In general, these GCMSs are also better methods concerning human health and environment. In conclusion, aluminum can be suggested as the fi rst and a good alternative to mechanical or chemical mulching of 'Aroma' orchard because it was more effective than bark mulching considering weed growth, yield, and fruit coloration. Means followed by different letters within the same column are signifi cantly different at LSD = 0.05 (differences between seasons, and interactions between seasons and methods were signifi cant at P = 0.01).
